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Cerebrovascular Response t o  Step-Wise Increase i n  Inspired Oxygen 

Tension From Control ( A i r )  t o  100% Oxygen. 

Nine experiments have been performed on 9 normal human volunteer 

subjects ,  u t i l i z i n g  a cont ro l  period and s tep-wise increases i n  inspired 

oxygen concentration (and hence tension).  It was o r ig ina l ly  shown by 

S. S. Kety and h i s  colleagues, u t i l i z i n g  the  n i t rous  oxide method 

fo r  cerebra l  blood flow, together with arterial-venous oxygen d i f -  

ference across the  brain,  t h a t  inspired oxygen i n  85 t o  100% concen- 

t r a t i o n  does not a f f e c t  t he  oxygen consumption of the brain.  Under 

these  circumstances, the reciprocal  of the arterial-venous oxygen d i f -  

ference across  the  b ra in  w i l l ,  as the  Fick equation ind ica tes ,  vary 

as the  cerebral  blood flow. 

i n t e r n a l  jugular  venous samples were drawn a t  constant r a t e  during the  

las t  15 seconds of each 10-minute period and car r ied  over i n t o  the 

I n  the present experiments, arterial  and 

f i r s t  15 seconds of the next 10-minute period. These were analyzed 

f o r  oxygen content i n  the Van Slyke gas aaa lys i s  apparatus, and the  

rec iproca l  of t he  arterial-venous oxygen difference calculated from 

these  da ta .  
U 

The r e s u l t s  indicated no s t a t i s t i c a l l y  s ign i f i can t  change i n  

ZOD W S O l  AJ4113V1 the  mean cerebra l  blood flow a t  any l eve l  of oxygenation, although 

w i t h  100% oxygen there  was a small (approximately 7%) reduction i n  mean 

cerebra l  blood flow. 
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These s tudies  are somewhat a t  variance with those reported by 

Kety and Schmidt (J. Clin. ,  Invest .  27:484, 1948), i n  which 85 - 100% 

. 
02 produced a reduction i n  cerebral  blood flow from a mean of 52 t o  a 

mean of 45 cc/lOOgm/brain/nin. 

Schmidt experiments the 100% oxygen w a s  administered for  from 15 t o  

It is  bo be noted t h a t  i n  the  Kety and 

30 minutes before the subject was switched t o  85% 02 - 15% N20 f o r  the 

measurement of cerebral  blood flow and oxygen consumption. The proce- 

dure then required 10 addi t ional  minutes of the  inhalat ion of oxygen 

i n  high concentration. 

a r t e r i a l - i n t e r n a l  jugular  venous oxygen difference i n  the  cont ro l  period 

i n  these 6 subjects  of  Kety and Schmidt was 6.2 vols .  percent and i n  

the  experimental period the l/(S-V)02 was 7.1 vols .  percent.  

there  w a s  no s ign i f i can t  change i n  cerebral  oxygen consumption (3.1 vs .  

3.2 cc/lOOgm/min), the cerebral  blood flow decreased by the same amount 

as calculated by e i t h e r  the N20 or  the l/(A-V)02 method, namely 13 per- 

cen t .  

It should be noted, however, t h a t  the  mean 

Since 

One may in te rpre t  our da ta  as indicat ing t h a t  a form of adapta- 

t i o n  occurs when small graded increments of inspired oxygen, and hence 

of a r te r ia l  oxygen, a re  produced for 10 minute periods. 

doubtful t h a t  the random e r ro r s  i n  the method can account f o r  the ab- 

sence of s ign i f i can t  changes i n  cerebral  blood flow, as measured by 

the  l/(A-V)o* method, t o  hypoxia ilthgraded increments indicated above. 

This adaptive response on the p a r t  of the blood vessels ,  o r  perhaps 

blood vesse ls  and brain,  has implications of considerable physiologic 

i n t e r e s t  as wel l  as practical  importance. 

It appears 

xw 
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Cerebrovascular Response6 t g  Hyperoxia Induced by Abrupt Change From 

A i r  t o  1Oo"xb Inspired Oxygen. 

The study reported below indicated d i f f e r e n t  responses when the  

inspired gas mixture was abruptly changed from 21% oxygen i .e .  a i r  t o  

100% oxygen. 

above. 

was measured a t  successive 10 minute in t e rva l s  a f t e r  the  subjects  were 

s h i f t e d  from a i r  t o  oxygen breathing. End-tidal carbon dioxide tension 

was monitored with t h e  infra-red C02 analyzer t o  provide an approximate 

measure of a lveolar  C@ tension, and therefore  of arterial CO2 tension, 

which was maintained at control  values during the  oxygen breathing by 

voluntary adjustment of ven t i l a t ion .  

arterial C% tension occurred, amounting t o  approximately 2 m Hg. 

s tud ie s  from t h i s  laboratory have shown t h a t  t h i s  change i n  arterial C02  

tens ion  would not account for the  vasoconstr ic t ion observed, s ince  t h i s  

degree of decrease below control  represents  the  approximate threshhold 

change i n  P a c e  required t o  i n i t i a t e  any cerebra l  vasoconstr ic t ion.  

The methods employed were similar t o  those described 

I n  six s tud ie s  on f i v e  normal subjects ,  the  cerebra l  blood flow 

Actually, minimal mean of f a l l  i n  

Previous 

The r e s u l t s  are sumaarized i n  the accompanying chart which c a r r i e s  

It can be seen t h a t  within the  same t i t l e  as t h e  heading t o  t h i s  sec t ion .  

20 minutes o r  less the major reduction in cerebra l  blood flow had occurred, 

amounting t o  an approximately 17% decrease  below cont ro l  l eve l .  

change was s t a t i s t i c a l l y  s ign i f i can t .  

ninutes a small fu r the r  reduction i n  cerebral blood flow had occurred, 

t he  t o t a l  change a t  t h i s  point amounting t o  an almost 209, reduction below 

the  cont ro l  blood flow leve l .  

cons t r i c to r  response a f t e r  t h i s  point is r a i sed  by the  fact t h a t  between 

the  50 and 60 minute samples, i n  5 of the  6 s tudies ,  a s l i g h t  increase i n  

This 

It w i l l  be noted tha t  a f t e r  50 

The p o s s i b i l i t y  of fa t igue  of the  vaso- 



cerebral blood flow occurred, although the actual flow value remained 

significantly below the control level. 

It is probable that more prolonged studies, perhaps lasting as 

long as 90 minutes (if the volunteer subject would tolerate it) would 

be required to evaluate the question of "fatigue" of the vasoconstrictor 

response to 100% oxygen inhalation and its accompanying arterial oxygen 

tension of approximately 600 m Hg. 



Studies Using I n  Vitro Systems of the Response of a Thermistor Blood 

I Velocity Meedle Probe 

A needle type of flowmeter inser ted i n t o  the superior bulb of the in t e r -  

nal ,  jugular vein of man would have great  advantages i n  the  study of both 

normal and abnormal states of cerebral blood flow. One of the major advan- 

tages i s  complete cont inui ty  of data .  Previously we have had a thermistor 

needle probe constructed for us by subcontract from Lexington Instruments, 

Waltham, Mass. 

i n s t a b i l i t y .  

Two of these needle probes were promising, but had excessive 

An i n i t i a l  study has been made of a new probe's (High 

Temperature Instruments Corp., Philadelphia) response cha rac t e r i s t i c s  t o  

changes i n  ve loc i ty  of f l u i d  flow i n  a polyethylene tube i n t o  which the 

probe was inser ted.  Measurements were made on a cathode oscil loscope 

recorder of the response of the flow probe during changes in  ve loc i ty  of 

streamline flow within the tube. The response of the  probe In  these 

experiments has been found t o  be logarithmic i n  a system i n  which the 

ve loc i ty  of flow ranged from 60 mm per minutes t o  352 per minute, at  a 

f l u i d  temperature of 37' C (See attached f igure) .  The f ac t  that the  

probe's response t o  flow changes 5.8 logarithmic i n  form, f i t s  the  pre- 

d i c t i o n  of Dr. Alex Clarke, Biophysics Department, I e d i c a l  College of V i r -  

g i n i a .  

of flow, D r .  Clarke's analysis,  using the manufacturer's data  on resis- 

I f  heat d i s s ipa t ion  is assumed t o  be l i n e a r l y  re la ted  t o  ve loc i ty  

tances  f o r  various temperatures pred ic t s  that the re la t ionship  between 

change i n  ve loc i ty  of flow and the res i s tence  would be logarithmic, as was 

found . 
P i l o t  work has been done on ca l ib ra t ing  the  probe fo r  given environ- 

mental temperatures by switching from the probe t o  a heliopot r e s i s t o r  i n  

a bridge c i r c u i t  t o  determine the res i s tence  of the probe at any given 

temperature. Thus, a series of resistence values p lo t ted  against  tempera 

t u r e  w i l l  allow the proba t o  be used i n i t i a l l y  t o  measure temperature of 



- L- 

the fluid environment. 

to show reproducibility of registence values for the probe under similar 

conditions. 

given temperature. 

temperature water bath which w a ~  used for the previously discussed 

determinations of flow, 

tested in dogs to measure the flow rate in the jugular bulb of these 

animals. 

initial determination will be made of the resistence of the probe by 

using the heliopot resistor as before. 

brations together with the resistence of the probe the initial temperature 

of the jugular bulb can be determined. 

heater)velocity of blood will be measured by comparing the flow in the 

dog for a given initial jugular blood temperature to the calibration 

flows for the same initial temperature. 

Further determinations of this type are needed 

I 

~ 

Finally the probe must be calibrated for a given flow at a 

These determinations will be done using the constant: 

. 
Following these calibrations the probe will be 

The probe will be inserted into the jugular bulb and an 

By using the previous cali- 

Then,by turning on the probe 

A final decision regarding the relative advantages of thermistor 

vs thermocouple type probes for this application has not been made. 

have had difficulty with stability and reproducability of thermistor 

performance on repetitive calibration runs. Thermocouples, on the other 

hand, require much greater amplification of the signal. No commercially 

available probe has been found which meets all of our design requirements. 

We 
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